On the use of models as props
Nearly every introductory course in microbiology begins by paying homage to the experiments and achievements of the scientists who have come before us, beginning with the work of Girolamo Fracastoro in 1546. If we have reached a particular level of understanding since then, it is due to the discoveries and advances made by scientists following their passions. From the microscope that allowed Antony van Leeuwenhoek to see "little animalcules" for the first time to the biological safety measures used in labs today, new technologies and techniques that advance the field are the common thread running through the history of microbiology.
As compelling as stories of discovery and change may be for some learners, others view them as boring, difficult to visualize, and a waste of teaching time. It is a challenge for teachers to make a discussion of the history and development of science so exciting that it sparks the student's interest. Instructors have gone so far as to dress in costume as the scientists whose experiments they were presenting. An exciting introduction to microbiology can inspire a student to change his or her college major! It was Louis Pasteur who said, "There is in youth an unforgettable day that lights up all the rest of our lives. That is the day when we meet those teachers to whom we owe our first enthusiasm. Ah, what other moment, what fortune of our careers can ever be worth as much as that moment" (3).
One particular way of bringing excitement and energy to the classroom dates back to the 1940s. Frances Glessner Lee-who endowed the Department of Legal Medicine and later established the George Burgess Magrath Library of Legal Medicine at Harvard University-began a series of seminars where participants spent a week learning the art of crime scene investigation (1) . The collection of material evidence at a crime scene can be overwhelming. Lee believed that with knowledge of forensics and collection techniques, one could be trained to collect evidence systematically. Yet such hands-on training for police officers, medical examiners, and others was virtually impossible due to privacy issues, the time needed, and the timing. After all, who could predict that a crime might occur during the course of the seminar series? This led Lee to construct 20 miniature crime scenes as teaching tools, used to demonstrate how the observation of important details and evidence could affect the outcome of investigations. She named the models The Nutshell Studies of Unexplained Death.
Frances Glessner Lee's models led me to conclude that miniature scenes depicting laboratory settings would be unique props that could help teach the history of microbiology in an exciting way. Tamari, Bonney, and Polizzotto's article on the use of prop demonstrations to facilitate student learning and performance convinced me that this was a viable teaching technique (2) , and I began to develop lectures incorporating prop demonstrations on the transformation of the microbiology laboratory from 1600 to 2000.
The models: miniature laboratories
The microbiology laboratory is continually changing and rapidly advancing. Along with primers and probes used in PCR, there is now culture-independent diagnostic testing, digital microbiology, smart incubators, and even whole genome sequencing! It is clear that, within a few years, the This article presents a technique for bringing the history of microbiology to life in an exciting way. Eight miniature models were created, based on photographs or drawings, showing scientists at work in their labs. The models chosen represent important discoveries in microbiology, illustrating changes and advances in techniques and tools over the history of the discipline from 1600 through 2000. They serve as a novel and engaging teaching tool. While the instructor still presents the historic facts, the use of models provides the feeling of being there! They can also serve as a record for the future. microbiology laboratory will look nothing like it does today, just as our labs bear little resemblance to those of our predecessors Louis Pasteur and Robert Koch.
Louis Pasteur said "Take interest, I implore you, in those sacred dwellings which are designated by the expression term, laboratories. Demand that they be multiplied and advanced. These are the temples of the future, temples of well-being and happiness … where humanity grows greater, stronger, better" (3). This quotation helped me decide to create models of eight laboratories in which important discoveries in microbiology occurred between 1673 and 2000. Created on the scale of 1:12, these models bring to life the laboratories of Antony van Leeuwenhoek, Louis Pasteur, Robert Koch, Rosalind Franklin, Selman Waksman, Paul Ehrlich, and Sir Alexander Fleming, as well as the Microbial Diseases Laboratory (MDL) of the California Department of Public Health (see Figs. 1-6 ). The selected scientists and laboratories were reproduced from pictures. Each laboratory-a snapshot in time-was displayed on a box containing one or more books about the scientist and the work depicted in the model (see Table 1 for a list of the books).
Use of the models in graduate instruction
As Oren has suggested, these laboratory re-creations can be used to bring life and excitement to humanities and social sciences majors learning about microbiology to fulfill a science requirement (4) . I propose that these models also have a use in graduate instruction. My current teaching responsibility is to prepare college graduates for the California Public Health Microbiologist certification examination through a six-month laboratory training FIGURE 1a. The Delft laboratory of Antony van Leeuwenhoek. While many of my current students have a strong background in molecular techniques, I have found that they have little knowledge of the history and development of the science of microbiology. In my courses, I use these models to provide historical background and generate brief discussions of the controversies which surrounded some discoveries. Table 2 indicates which model is used to introduce each training unit. For example, the model of Louis Pasteur's laboratory shows him examining swan-neck flasks for growth (Fig. 2b) and serves to launch a discussion of the disproval of the theory of spontaneous generation.
The models serve as valuable visual aids and discussion prompts. The students have been fascinated with the models as well as the science behind them. As time allows, they are permitted to borrow the books to further investigate the scientist of their choice. Additionally, I show historical 
The models, from past to present
The scientists and laboratories re-created in the models illustrate how scientific knowledge has been advanced by the discovery, development, and dissemination of new technical methods. The people and places featured, in chronological order, are as follows:
Antony van Leewenhoek: Zacharias Jansen and his father Hans are credited with making the first compound microscope in the late 16 th century. These Dutch spectacle makers produced an instrument capable of magnifying images three to ten times (5) . Yet it was the single-lens system of Antony van Leeuwenhoek that enabled the first ever view of bacteria. Could microbiology have been born without the advent of Leeuwenhoek microscopes? Probably not. Figures 1a  and 1b show the model of Leewenhoek's Delft linen shop, with the man himself examining specimens with his microscopes. Antony van Leeuwenhoek's microscope was able to confirm what others had hypothesized: the existence of minute living organisms that the unaided eye is unable to see.
Louis Pasteur: Louis Pasteur's work on fermentation in the 1850s and 60s landed him in the middle of the controversy surrounding spontaneous generation (6) . Pasteur challenged this doctrine with his ingenious experiments: He showed that if air was prevented from entering a flask of nutrient broth, the broth remained pure. If those same flasks Volume 18, Number 1 were exposed to air or to a drop of water teeming with organisms, the organisms would grow. Pasteur's discovery that life is not generated spontaneously, combined with van Leewenhoek's confirmation of the existence of bacteria, sparked years of scientific discovery and laboratory changes in the science of bacteriology. Pasteur's singular experiment was so important that it was the second miniature laboratory created. In Figure 2b , Pasteur is seen examining his swanneck flasks, while his associate Dr. Emile Roux works on the rabies treatment with desiccated spinal cords from rabbits in Figure 2c . The painstaking methods used by Pasteur and his associates clearly illustrate the need for, and value of, tools to work with bacterial organisms in the laboratory.
Robert Koch: Robert Koch did important work with Bacillus anthracis, Mycobacterium tuberculosis and Vibrio cholerae. Many of the tools used to work with bacteria, and which are still in use today, were developed in his laboratory (7) . In Figures 3a and 3b , we see my version of Koch's laboratory, which is based on one existing drawing that shows him working with his staff scientists between 1885 and 1890. Careful examination of this model reveals water baths, incubators, petri dishes and solidified media-all of which were first used in Koch's laboratory-as well as the first attempts at taking photomicrographs and experimental animal work. Koch's development of these tools had to be intimately involved with the development of his postulates (8) .
Selman Waksman and Alexander Fleming:
The discovery of antibiotics changed human life as well as the microbiology laboratory. I selected the laboratories of Alexander Fleming and Selman Waksman with Albert Schatz to demonstrate this period of history. After Fleming's discovery of penicillin, Waksman's discovery of streptomycin and work with fungi and actinomycetes led to a new microbiological era in which diseases became treatable. New antibiotics were discovered, and tests were developed to determine which antibiotic could be used against a particular pathogenic organism. Bacteriology flourished for the next 100 years: more than 10,000 named bacterial species were discovered, the relationship of these organisms to disease was uncovered, and tools for their study were developed.
Rosalind Franklin:
The era of DNA-its chemistry, its structure, and the process of carrying and transmitting genetic material-came next. To bring this era to life, the laboratory of Rosalind Franklin was built (Fig. 4) (9) . This laboratory was the beginning of the California Public Health laboratory system. Dr. Kimsey, State Laboratory Director, noted that while science today is far more complex than it was in the 1900s, we owe much of the progress made to the contributions of public health laboratories (9) .
Until recently, the MDL consisted of six sections: Special Bacteriology, Enterics and Parasitology, Mycobacteriology and Mycology, Serology, and Biologics and Environmental Microbiology. I selected the Enterics Laboratory of MDL (Figs. 5a-5c ) to illustrate the type of laboratory which has existed from the early 1900s until recently. The molecular age has resulted in a renaissance with respect to laboratory design, equipment, and testing methods. Along with the use of test tubes and a variety of bacteriologic media , this model shows other tools from the beginning of the molecular age: Pulsed Field Gel Electrophoresis, advances in safety though the use of a biological safety cabinet, advances in microscopy, and the use of computers.
The models: a teaching tool and a record
The evolution of molecular techniques and mechanization have changed the microbiology laboratory. Models 
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Volume 18, Number 1 such as those described here will help microbiology students learn about their chosen field. They can also serve as a historical record. Looking forward, one wonders how the laboratory will be transformed in the near and distant future. If tools and implements that have been used in the lab for hundreds of years, such as petri dishes, test tubes, and even microscopes (Fig. 6 ), ever become obsolete or supplanted completely by machines and automation, these models will exist to show the evolution of the microbiology laboratory.
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